The objective of these two feeding trials was to determine the associative effects of feeding steam-flaked grain sorghum (SFGS) in combination with steam-flaked (SFC), dry-rolled (DRC), or high-moisture (HMC) corn on growth performance and carcass characteristics in feedlot cattle. In Trial 1, 200 yearling heifers were blocked by weight, allotted to 25 pens, and fed one of five finishing diets (77% grain, 15% corn silage, and 8% supplement on a DM basis) for an average of 137 d. The grain combinations were 100:0, 75:25, 50:50, 25:75, and 0:100 SFC:SFGS, respectively. Treatment had no effect on DMI ( P > .05), but ADG, gain efficiency, and final live and hot carcass weights decreased linearly ( P < .05) as the proportion of SFGS increased in the diet. Carcass backfat, quality grade, and liver abscess score were not affected ( P > .05) by treatment. In Trial 2, 306 yearling steers were blocked by weight, allotted to 30 pens, and fed diets that contained 74.5% grain, 10% corn silage, 7.5% soybean meal, 4% tallow, and 4% supplement (DM basis) for an average of 139 d. The grain and grain combinations were 100% DRC, HMC, SFC, or SFGS and a 67%:33% combination of SFGS: DRC or SFGS:HMC. For steers fed diets containing a single source of grain, those fed SFC gained 7% more live weight and had a 7% higher gain efficiency ( P < .05) than those fed DRC or HMC. Growth performance of steers fed SFGS was intermediate. Feeding grain combinations (67% SFGS:33% HMC or DRC) resulted in a 5 to 6% positive associative effect ( P < .05) for ADG and gain efficiency. Carcass characteristics were not affected ( P > .05) by treatment. We concluded that there were significant benefits (positive associative effects) when SFGS was fed in combination with DRC or HMC, but the effects were smaller when SFGS was fed in combination with SFC.
Introduction
Previous research has shown that when two grains are fed in combination in a cattle finishing diet, positive associative effects for growth performance can occur. That is, cattle performance is better than predicted, based on the weighted mean of feeding each grain alone. Associative effects have been observed when feeding various combinations of high-moisture grain sorghum and dry-rolled wheat ( DRW) (Axe et al., 1987) ; dry-rolled corn ( DRC) and high-moisture corn ( HMC) (Stock et al., 1987a) ; DRW and DRC (Kreikemeier et al., 1987) ; dry-rolled grain sorghum and HMC (Stock et al., 1987b) ; and DRW and HMC (Bock et al., 1991) . Grain sorghum and corn are the two most commonly fed grains in feedlots in the high plains. Steam-flaking, dry-rolling, or ensiling at high moisture are the most common methods used to process these two grains. Because grain sorghum has a lower net energy value and is more difficult to process, it typically is priced at 87 to 90% the value of corn. Feeding two grains in combination has resulted in positive associative effects, but little or no data have been reported on the associative effects of feeding steam-flaked grain sorghum ( SFGS) with other grains. Therefore, the objective of this study was to determine whether positive associative effects occur for growth performance and carcass characteristics in feedlot cattle when SFGS is fed with steam-flaked corn ( SFC) , HMC, or DRC. 
Materials and Methods

Trial 1
Cattle Protocol. This trial was conducted from September 30, 1994 , to February 23, 1995 , at the Southwest Research-Extension Center, Garden City, Kansas. Yearling heifers ( n = 200; BW = 299 ± 2.5 kg) were fed combinations (100:0, 75:25, 50:50, 25:75, or 0:100) of SFGS with SFC. Heifers were straightbreds and crossbreds of Angus, Hereford, Shorthorn, and Charolais parentage, and approximately one-fourth had a small percentage of Brahman. All heifers were purchased from a sale barn in Anthony, KS. The heifers were divided into one of two weight blocks, and individual treatments were assigned randomly to pens within each block. The heavy block (BW = 321 ± 1.4 kg) included 120 heifers randomly allotted to 15 pens, and the light group (BW = 277 ± 1.7 kg) included 80 heifers randomly allotted to 10 pens, resulting in 8 heifers per pen and 5 pens per treatment with 3 pens from the heavy block and 2 pens from the light block. Associative effects for the grain combination diets were calculated by subtracting the observed growth performance (ADG and gain to feed) from the expected growth performance. The expected ADG for heifers fed 75% SFC: 25% SFGS was calculated as follows: (.75 × ADG for heifers fed 100% SFC) + (.25 × ADG for heifers fed 100% SFGS). The same formula was used to calculate expected ADG for heifers fed the remaining grain combination diets, and we substituted the appropriate coefficient. Likewise, a similar formula was used to calculate the associative effect of gain to feed. Heifers in the heavy and light blocks were fed for 126 and 147 d, respectively, and then processed at a commercial facility (IBP, Inc., Holcomb, KS). Hot carcass weight and the incidence and severity of liver abscesses were recorded. After a 24-h chill, carcass backfat was measured at the 12th rib and quality grade was estimated by a USDA grader.
Statistical Analysis. For heifer performance, associative effects, and carcass traits, the pen mean served as the experimental unit. Data were analyzed as a randomized complete block design using the GLM procedure of SAS (1990) . To determine significant effects due to treatment (SFC:SFGS combinations), we constructed four orthogonal contrasts consistent with linear, quadratic, cubic, and quartic effects. To analyze for significance of associative effects, we determined whether the calculated value (observedexpected growth performance) differed from zero ( P < .10).
Trial 2
Cattle Protocol. This trial was conducted from February 6, 1996 , to July 3, 1996 , at the Southwest Research-Extension Center, Garden City, Kansas. Predominantly Charolais-crossbred steers ( n = 306; BW = 345 ± 4.0 kg) were used in a randomized complete block design to evaluate the effects of feeding SFGS alone or in combination with DRC or HMC. All steers were purchased from sale barns; two-thirds from Kentucky and the remainder from Iowa. Steers were divided into two weight blocks and allotted to 30 pens. The steers in the heavy block (BW = 357 ± 2.6 kg) were allotted randomly to 12 pens with 12 steers per pen, and steers in the light block (BW = 339 ± 2.1 kg) were allotted randomly to 18 pens with 9 steers per pen. Treatments were assigned randomly to pens within each block (weight and location). Grain Treatments and Diets. The treatments included 100% DRC, HMC, SFC, or SFGS; 67% SFGS: 33% DRC; and 67% SFGS:33% HMC. The steers were adapted to their final diet in 14 d using two transitional diets. The first diet ( 7 d ) contained 50% corn silage (DM basis), and the second diet ( 7 d ) contained 25% corn silage (DM basis). The final diets are shown in Table 2 . Calculated nutrient contents of the three 100% corn diets were 14% CP (2.5% CP from urea), .6% Ca, .4% P, .8% K, and .25% Mg on a DM basis. Because the same supplement was fed in all six diets, those that contained SFGS had a slightly higher CP content (corn, 8.5% CP; grain sorghum, 10.5% CP). Diets also contained 33 mg of monensin (Elanco) and 11 mg of tylosin (Elanco) per kilogram of dietary DM. Grains were steam-flaked to a density of 335 g/L (26 lb/bu), and all flaking specifications were similar to those described in Trial 1. The HMC was harvested at 65% DM and ensiled in a concrete bunker silo after it was processed through a singlestage roller mill (Henke, Columbus, NE) with 1.57 cuts per centimeter. The silo was filled in 3 d, and the surface of the HMC was sealed with 6-mm polyethylene, which was held in place with tires. During the feedout phase, a 14-to 16-cm linear length of HMC was removed each day from the exposed face. The DRC was processed finely through a single-stage roller mill (Ferrell-Ross, Amarillo, TX) with 6.3 corrugations per centimeter. All corn was obtained from one source. Dry matter content was determined weekly for samples of each diet ingredient and total diet. Ingredient DM content was used to calculate the amount of each ingredient in every batch of diet, and DM content of the total diet was used to calculate DMI and gain-to-feed ratio.
Response Criteria. Steers were weighed on two consecutive days, to establish an initial weight and again at reimplantation ( d 49). Steer performance data and associative effects were determined as described in Trial 1. Steers in the heavy and light blocks were fed for 132 and 145 d, respectively, and then processed at a commercial facility (IBP). Final live weight was calculated using hot carcass weight, and carcass characteristics were recorded as described in Trial 1, with the addition of kidney, pelvic, and heart ( KPH) fat and marbling score vs quality grade.
Statistical Analysis. For steer performance, associative effects, and carcass traits, the pen mean served as the experimental unit. Data were analyzed as a randomized complete block design using the GLM procedure of SAS (1990) . If the main effect from treatment was significant ( P < .10), treatment means were separated using a t-test ( P < .10). To analyze for significance of associative effects, we determined whether the calculated value (observed-expected growth performance) differed from zero ( P < .10). 
Results
Trial 1.
Dietary treatment had no effect on DMI ( P > .10; Table 3 ). As SFGS replaced SFC, heifers gained slower, had lower gain efficiency, and had lighter final live weights (linear, P < .05). Numerically, heifers fed the 75:25 (SFC:SFGS) diet had the fastest ADG, and this diet produced the largest numerical positive associative effects for gain (6.0%) and gain efficiency (3.1%). However, only the associative effect for ADG approached significance ( P = .11). Hot carcass weight decreased linearly with SFGS addition to the diet ( P < .05; Table 4 ). Carcass backfat, quality grade, and liver abscess score were not affected by grain or grain combination treatment ( P > .10).
Trial 2. Final live weight was highest ( P < .10; Table 5 ) for steers fed diets that contained steamflaked grain, regardless of grain type or combination. Table 5 . Effects of grain processing and grain combinations on feedlot performance of the steers in Trial 2 a DRC = dry-rolled corn, HMC = high-moisture corn, SFC = steam-flaked corn, SFGS = steam-flaked grain sorghum, SFGS:DRC = 67% SFGS:33% DRC, and SFGS:HMC = 67% SFGS:33% HMC.
b Probability of a significant treatment effect. c,d
Means within a row with no common superscript differ ( P < .10). e Calculated as [(observed − expected), expected] × 100. f Equals difference in observed-expected differed from zero ( P < .05). Dry matter intake was not affected by treatment ( P > .10). The ADG and gain efficiency were highest ( P < .10) for steers fed the SFC or grain combination diets and lowest ( P < .10) for those fed the DRC or HMC diets, with performance of steers fed the SFGS diet being intermediate. The positive associative effect for ADG of steers fed the 67% SFGS:33% DRC or HMC diets was 6.4% ( P < .05), and that for gain efficiency was 5.0 and 4.9%, respectively ( P < .05). Similar to final live weights, hot carcass weight was heavier ( P < .10; Table 6 ) for steers fed diets that contained steamflaked grain, regardless of grain type or combination. Carcass backfat, KPH fat, marbling score, and liver abscess score were not affected by grain or grain combination treatment ( P > .10).
Discussion
Possible Mechanisms of Action for the Positive Associative Effects in Trials 1 and 2
Reducing the Incidence of Ruminal Acidosis. Grains such as HMC (Stock et al., 1987a) and wheat (Kreikemeier et al., 1990) are fermented rapidly in the rumen, leaving little starch to enter the duodenum (Galyean et al., 1976; Gross et al., 1988) for small intestinal digestion. The result of such rapid and extensive fermentation is often subacute acidosis, which can lower ruminal pH and reduce DMI (Fulton et al., 1979; Axe et al., 1987) . Replacing a portion of a rapidly fermented grain source with a slowly fermented grain presumably slows ruminal fermentation, thereby increasing ruminal pH and decreasing the incidence of acidosis (Axe et al., 1987; Kreikemeier et al., 1987; Kreikemeier et al., 1990) , which results in increased DMI.
Shifting the Site of Starch Digestion.
Intestinal hydrolysis of starch is theoretically more energetically efficient than ruminal fermentation of starch (Owens et al., 1986) . However, Kreikemeier et al. (1991) reported low digestibility of starch in the small intestine as did Streeter et al. (1991) (corn, 40%; grain sorghum, 12 to 29%) . Feeding a slowly digestible starch source like grain sorghum with a rapidly fermented grain will shift the flow of nutrients to the small intestine (Axe et al., 1987) , but feeding Table 6 . Effects of grain processing and grain combinations on carcass characteristics of the feedlot steers in Trial 2 a DRC = dry-rolled corn, HMC = high-moisture corn, SFC = steam-flaked corn, SFGS = steam flaked grain sorghum, SFGS:DRC = 67% SFGS:33% DRC, and SFGS:HMC = 67% SFGS:33% HMC.
b Probability of observing a greater F-value. c,d Means within a row with no common superscript differ ( P < .10). e 200−299 = slight, 300−399 = small, and 400−499 = moderate. f 0 = no liver abscess; 1 = one small abscess; 2 = two small abscesses or one moderate abscess; and 3 = several abscesses, one large abscess, or liver adhered to the body wall. Other Mechanisms. Previous research data to support the two previously discussed concepts of reducing the incidence of ruminal acidosis and shifting the site of starch digestion include the following: 1 ) HMC fed in combination with dry-rolled grain sorghum ( DRGS) (Stock et al., 1987b) , 2 ) wheat fed in combination with DRC (Kreikemeier et al., 1987) , and 3 ) DRW fed in combination with high-moisture grain sorghum (Axe et al., 1987) . Data to contrast the two concepts were reported by Bock et al. (1991) , who fed two rapidly fermenting grains in combination (HMC:DRW in one study; HMC:steam-rolled wheat in another study) and still observed positive associative effects. This suggests that other mechanisms for the improved performance likely occurred. For example, feeding grain combinations could shift the site of N digestion (Axe et al., 1987; Streeter et al., 1989) or affect the efficiency of ruminal microbial protein synthesis (Streeter et al., 1989) . Because grains differ in their amino acid composition and ruminal degradability (NRC, 1996) and the amino acid profile of ruminal microorganisms is superior to that of most grains (Titgemeyer et al., 1989) , it seems logical that changes in ruminal N metabolism (from feeding grain combinations) could be eliciting a portion of the positive associative effect.
Carcass Traits
Differences in carcass fat depth in cattle that are fed grain mixtures might vary with grain type, but results have been inconsistent. Quadratic increases (Stock et al., 1987a) and decreases (Stock et al., 1987b) in carcass fat depth have been reported when HMC was mixed with DRC and DRGS, respectively. However, in another trial, Stock et al. (1987b) observed a linear decrease in fat depth with increasing proportions of DRC or DRGS replacing HMC. Bock et al. (1991) combined HMC with steam-rolled wheat or DRW and observed no significant differences for carcass fat depth. However, Brandt et al. (1988) reported a significant increase in fat depth when cattle were fed 33% steam-flaked wheat with 67% HMC.
Marbling data vary among trials (USDA quality grade, marbling score, or percentage Choice). Generally, grain mixtures do not affect marbling (Lee et al., 1982; Brandt et al., 1986; Brandt et al., 1988; Bock et al., 1991; Mader et al., 1991) . However, Axe et al. (1987) reported that quality grade was increased in cattle fed 67% DRW:33% high-moisture grain sorghum, but differences were within the limits of the Select grade.
The incidence of liver abscesses, typically the result of acidosis, has tended to increase in cattle fed ground HMC or a mixture of whole and ground HMC compared with that in cattle fed whole HMC or whole shelled corn ( WSC) (Mader et al., 1991) . Stock et al. (1987b) observed quadratic decreases in the incidence of liver abscesses when cattle were fed mixtures of HMC:DRC in one trial, but in another trial in which mixtures of HMC:DRC and HMC:DRGS were fed, the incidence of liver abscesses increased quadratically with the addition of dry grain in the diet.
Implications
Grain sorghum and corn are the two common grain sources fed to finishing cattle in the high plains. Grain sorghum typically is discounted at 87 to 90% the value of corn because of its lower net energy values and its greater processing difficulty. Higher dietary energy values can be obtained for steam-flaked grain sorghum by taking advantage of the positive associative effects that occur when SFGS is fed in combination with corn. The corn could be steam-flaked or processed by either ensiling at a higher moisture content or dry-
